Time-frequency Analyses of AE Signals in YBCO Superconductors  by Nanato, N. & Takemoto, N.
  Physics Procedia  58 ( 2014 )  256 – 259 
Available online at www.sciencedirect.com
1875-3892 © 2014 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).




































ls as a method
me of the AE 
O superconduc





















 which were ge




















ents are well 






s of AE signal

















 and/or after a q
 detect very sm
 bands of AE s
raded by a tran
quency bands 
s caused by th




itions [2].  
 of YBCO s







s to detect me





















ve presented a 
 regardless of e
 this method. 
tress.  The del
vary with caus







 ISS 2013 
 superc



















 noises and can
 been presente
companied wit
rence. In this p


















© 2014 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the ISS 2013 Program Committee































































(a)             
(c) 







we present a 
s and show f
of AE signal
ds of the AE




 in width an
fer layer, the
een as Fig. 2
                      
























 signals by th
nals occurren
Fig. 1. 
s is to investi
nd the cracks
d 0.1 mm in
 YBCO layer
a. Fig. 2b sho



















ds of the AE
ing with crack
e delaminatio
ce might be 
Cleavage stress i
gate time-freq
 of epoxy re
 thickness, w
 and the silv
ws a photogr









 signals by th
s of epoxy r





as used in th
er surface lay
aph of an ex





 the epoxy re
e it is delamin
AE signals. 






ses of AE sig
O supercondu
e experiment
er were 50 ȝ
perimental ap
tal apparatus for 
 
sin. The YB




ctors and by 
















ss of the Has








































2c shows its 
er plate. An A
ard using a lif


















































t as shown in
CO superco
re measured.
 the epoxy re
results and d
tion experim
 are shown in
til the YBCO
 were almost 
itical current 
3(c) shows an
. Time axis o
E signals. F
nt for epoxy 
 an original w
of larger AE s
sults of the ti
d by the crac
ination of the
                      
                      
 results for delam













s fixed on th
 the right han
nductor. The
 In the experi
sins and only 
iscussions 
ent, (a) cleav











king of the ep
 YBCO supe
                     
                     
ination of the Y














3(a) shows a 
ctor was dest
e in reference
m 100A to 4
eform of the 
expanded be
ds of larger A
 signals and 
E signals and
0 kHz-100 kH
 analyses of 
oxy resins, th
rconductor an
                      
 























 [3]. Fig. 3(b





 Fig. 4(b) sh




        (b) 
  
d) 
ctor: (a) the clea























 soldered to a
 superconduc
 stress was ap
rent of the Y
s of epoxy re
. 
nt, (c) AE sig
ss vs. the num
alues of the 
) shows the c
m 43.3 A to 2






ls caused by 
ands of large
0 kHz in the 
vage stress vs. th
 (50 kHz-500 kH
43
The number of 
n L-shaped c
tor was delam
plied to 16 (=
BCO superc
sins, the YBC
nals and (d) 
ber of AE e
cleavage stre
ritical current
4.1 A at 1st a
d) shows the 
ce and the co




r AE signals w
cracking epo




AE events (times) 
opper plate a
inated by pu






 vs. the numb




 are shown in
of the AE sig
tion of the Y
ere 150 kHz
xy resins in l
 
 


















































n this paper, w
erconductor a
als were 150





. Iwasa, Case St
















d [4, 5]. 






 those by th
ill analyze m




. Nakagome, T. 
 conductors and 
o, Nam Seo Goo
 emission, Comp














. From this d
                     
lts for the epoxy 
the time-frequ
 of epoxy res
z in the del
n lower frequ
e cracking of 
ore experime
ducting Magnet
wa, S. Murase, 
edia, Vol. 27(20
Takematsu, T. T
its effect on the Y
, Analysis of the
osites Science an





                     (
 
cracks: (a) AE si
ency analyse





s, Design and Op
Detection and fr
12) 420-423. 
















s of the AE s
sults of comp






. Takahashi and 
mance, Physica 














. We might d
time-frequenc
 reason why 
Second Edition, 
s of AE signals
H. Maeda, Rema





se of the AE 
E signals (50 kH
by the delam
e frequency 














ination of a Y
bands of larg
z-100 kHz i
 AE signals b







 Technology 55 
rence 
BCO 
er AE 
n the 
y the 
ls. In 
in the 
quency 
e stress 
quency 
SSION 
(1995) 
